Previous investigators using clinical, hemodynamic, or exercise parameters to predict maximal exercise heart rate (HRmax) have demonstrated age to be the major determinant. Regression coefficients have ranged from -0.3 to -0.6, leaving approximately two thirds of the variance in HRmax unexplained. Because cardiac size and function are directly related to stroke volume and should influence HRmax, we studied 114 male subjects (aged 19 to 73 years) with two-dimensional and M-mode echocardiography who underwent maximal treadmill testing with respiratory gas analysis. Seventy-three were normotensive (diastolic BP<95 mm Hg) and 41 were hypertensive. As in previous studies, HRmax was inversely related to age 
Previous investigators using clinical, hemodynamic, or exercise parameters to predict maximal exercise heart rate (HRmax) have demonstrated age to be the major determinant. Regression coefficients have ranged from -0.3 to -0. 6 , leaving approximately two thirds of the variance in HRmax unexplained. Because cardiac size and function are directly related to stroke volume and should influence HRmax, we studied 114 male subjects (aged 19 to 73 years) with two-dimensional and M-mode echocardiography who underwent maximal treadmill testing with respiratory gas analysis. Seventy-three were normotensive (diastolic BP<95 mm Hg) and 41 were hypertensive. As in previous studies, HRmax was inversely related to age (HRmax= 199-0.63 [age] , r= -0.47, p<0.001). M-mode left ventricular (LV) diastolic dimension (LVD) added significantly to the explanation of the variance in HRmax (r=-0.57, p<0.001) (HRmax=236-0.72 [age]-6.8 [LVD] ). Thus, the larger the heart, the lower the HRmax. No other echocardiographic measurement or derived parameter added significantly to the explanation of the variance in HRmax. To evaluate the effects of hypertension on HRmax, we studied hypertensives and normotensives separately. Only age was significantly related to HRmax in the normotensives (r=-0.50, p<0.001). In the hypertensive subjects, however, both age and relative wall thickness (RWT) (which describes LV 
Exercise Protocol
Two cardiopulmonary exercise treadmill tests separated by 7 to 14 days were performed by each patient. The first utilized a modified Balke-Ware protocol.9 Its purpose was to familiarize the subject with the procedures of treadmill exercise and expired gas analysis and to measure the subject's maximal oxygen consumption as previously described.'0 These data were utilized to perform a second test from which the data described herein were derived. Subjects were exercised to exhaustion using a ramp treadmill protocol during which treadmill speed and grade were individualized to achieve maximal workload corresponding to maximal oxygen consumption as determined by the first test11 in approximately 10 min. Maximal heart rate was calculated from the R-R intervals using a 6-s rhythm strip'2 at maximal exercise recorded on the peak exercise electrocardiogram. Blood pressure was measured immediately prior to the test, every 2 min during exercise, at peak exercise, and immediately after exercise. Perceived effort was reported throughout and at maximal exertion.13
Catecholamines
Blood for epinephrine and norepinephrine was drawn via heparin lock after a 30-min supine rest period, standing immediately before the treadmill, and standing immediately after the treadmill.
Statistical Analysis
Statistical analysis was done using software (SPSS/PC+) on a microcomputer. Correlations Table 2 . There were no significant differences between the two groups in any of the measured or derived parameters.
The catecholamine data are given in Table 3 . There were no differences in the mean epinephrine or norepinephrine levels between the normotensive and hypertensive groups at rest or immediately after exercise. Both groups demonstrated a similar rise in catecholamine levels with exercise. The determinants of HRmax are shown in Table 4 . As has been demonstrated previously, the prime determinant of HRmax was age that accounted for 22% of the observed variance in HRmax in the group as a whole (equation A). The addition of M-mode LV diastolic dimension (LVD) to the regression equation (equation B) explained significantly more of the variance in HRmax with a regression coefficient of r=-0.57, r2=0.32, p<0.001.
The hypertensive and normotensive subjects were then analyzed separately to assess the impact of hypertension on HRmax (Fig 1) . In the normotensive subjects (equation C), age was the only parameter that significantly predicted HRmax (r2=0.26). In the hypertensive subjects, the fit of the single linear regression with age (equation D) was improved over that in normotensive subjects (Fig 1, bottom [B] ) explaining 45% of the observed variance in HRmax. The addition of relative wall thickness RWT= (IVS+PW)/LVD to the regression explained an additional 9% of the observed variance in HRmax (equation E). None of the anthropomorphic measurements or blood pressure parameters explained significant additional variance in HRmax and were therefore not included in the regression equations. DISCUSSION Both the sympathetic and parasympathetic nervous systems have key roles in controlling heart rate at rest and during exercise. The sympathetic nervous system acts to increase heart rate and the parasympathetic nervous system exerts an inhibitory effect on the sinoatrial node and therefore heart rate. These opposite effects are normally balanced with a resultant autonomic tone that maintains the heart rate between 60 to 100 beats/min. Several reflex mechanisms are responsible for the regulation of heart rate, including the baroreflex14 and the Bainbridge reflex.'5 At rest, the parasympathetic nervous system predominates, regulating resting heart rate.16 The initial increases in heart rate with exercise come as a result of decreasing parasympathetic tone. With increasing exercise, the sympathetic nervous system becomes dominant and drives further increases. 16 Heart rate is an easily measured parameter that is an extremely useful clinical measurement. The incremental and maximal responses of heart rate to exercise are utilized in diagnostic exercise testing, establishing an exercise prescription, and assessing chronotropic competence. It would therefore be useful to improve the prediction of the expected maximal heart rate in subjects with and without cardiovascular disease.
Our results reaffirm the importance of age as the dominant factor influencing maximal heart rate and thereby maximal oxygen consumption. All subjects were encouraged to give maximal effort, which is reflected by the mean maximal perceived exertion level of 19.2 Borg units (maximum 20 Borg units). We have either eliminated or controlled for the other known major factors, influencing HRmax. All of our subjects were male; they were healthy without known 
